Abstract: A total of sixteen barrows were randomly assigned to diets containing 5% biohydrogenation product (BHP)-enriched or control beef fat for 7 weeks. On completion of 7 weeks, we found that feeding enriched fat led to deposition of BHP and isomer-specific metabolism of trans-18:1 in adipose tissue. It was also noticed that total and HDL-cholesterol were decreased; however, LDL-cholesterol and triglycerides were not affected.
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There is an increasing interest in developing beef and dairy products enriched with polyunsaturated fatty acid (PUFA) biohydrogenation products (BHPs), including rumenic acid (RA, cis9,trans11-18:2), the most abundant natural conjugated linoleic acid (CLA) isomer, and its precursor vaccenic acid (VA, . This new interest is due to the discovery that these fatty acids have anticarcinogenic properties and can improve blood lipid profiles in animal models (De La Torre et al. 2006; Dilzer and Park 2012; Field et al. 2009; Wang et al. 2009 ). Trans10,cis12-18:2, the CLA isomer most often found in synthetic CLA preparations, has been found to reduce body fat and increase muscle mass (Dugan et al. 1997; Kennedy et al. 2010) . However, there are many other BHP found in beef and dairy products whose physiological effects have not been investigated (Dugan et al. 2011; Shingfield et al. 2013) . The objective of the present study was to examine the effects of feeding pigs two sources of beef kidney fat with vastly different BHP profiles. Control kidney fat was collected from steers fed a barley grain-based diet, and kidney fat enriched with BHP from α-linolenic acid (ALA, 18:3n-3) was harvested from steers fed flaxseed in a grass hay-based diet (Mapiye et al. 2013) . The predominant BHP in control beef fat was trans10-18:1, which is known to negatively impact blood lipid profiles (Bauchart et al. 2007 ). The most abundant BHP in enriched kidney fat was VA followed by several BHP specific to ALA (Table 1) .
Eight Large White × Duroc barrows were individually fed each diet. Animals were cared for according to Canadian Council on Animal Care guidelines (CCAC 2009) . From 60 to 110 kg body weight, pigs were fed a standard 16% CP finishing diet composed of 41.7% wheat, 35.8% barely, 14.3% canola meal, and 0.95% soybean meal with the addition of 1.14% calcium carbonate, 0.31% dicalcium phosphate, 0.41% salt, 0.13% lysine, 0.22% vitamin/ mineral premix, and 5% (w/w) BHP-enriched or control beef kidney fat. Feed was weighed daily into individual feeders, and feed weigh backs and animal weights were collected weekly. Two days prior to slaughter, blood samples were collected via the jugular vein after an 8-to 10-h overnight fast. Blood was allowed to clot (30 min at room temperature), and serum was obtained by centrifugation at 4°C at 1500g for 15 min. Serum triglycerides (TAGs) were determined using a triglyceride quantification kit (Biovision, Mountain View, CA). Serum total cholesterol, HDL-cholesterol, and LDL-cholesterol were measured using an HDL and LDL/VLDL cholesterol quantification kit (Biovision, Mountain View, CA). All pigs were killed at the Lacombe Research Centre Abattoir. Subcutaneous fat was collected at the 11th rib above the loin, and fatty acids for both feed and subcutaneous fat were analyzed ND is not detected; *, significant at P < 0.05; **, significant at P < 0.01. a CNT = control diet containing 5% (w/w) kidney fat from cattle fed control barley based diet; BHP = biohydrogenation products-enriched diet containing 5% (w/w) kidney fat from cattle fed a hay-based diet containing flaxseed.
as described by Dugan et al. (2007) . At 45-min post-mortem, the thickness of subcutaneous fat and loin muscle were determined on the left side of the carcass between the 3rd and 4th last ribs approximately 7 cm from the midline using an Anitech PG100 Grading Probe (Anitech Information Systems Inc., ON, Canada), which was used to estimate lean yield. Following a 24-h chill at 2°C, the left side of the carcass was subjected to dual X-ray absorbance (DEXA) measurements to estimate carcass fat and lean (López-Campos et al. 2015) . Data were analyzed using the MIXED procedure of SAS (SAS 2003) . Individual pig was the experimental unit. The model included the fixed effect of diet and the random effect of pig. Initial weight was included in the model as a covariate for the analysis of growth performance and body composition data. The significance level was set at α = 0.05 and treatment means were generated using the LSMEANS option of SAS.
Fat was added at 5% of the diet in the present study as higher levels can lead to blocked feeders. However, feeding BHP-enriched kidney fat had no effects on pig body composition or growth performance, including final body weight (111.1 ± 9.8 kg), average daily gain (1.0 ± 0.11 kg), and feed efficiency (0.34 ± 0.04). This is in contrast to studies which demonstrate that feeding CLA-rich oils to pigs improved feed efficiency and body composition (Dugan et al. 2004) . Moreover, the present study indicates that feeding BHP-enriched kidney fat to pigs may not have any economic benefit in terms of animal production. Future studies in this area will, therefore, likely need to focus on effects of higher dietary fat contents or fats with greater concentrations of BHP.
However, the fatty acid composition of the diets differed significantly, and the total content of BHP in control and enriched beef fat were 4.6% and 10.4% (% of total fatty acids), respectively. As a result, diets affected (P < 0.05) percentages of many fatty acids in subcutaneous adipose tissue (Table 1 ). This may be the first time many BHP (trans18:1, atypical dienes, and CLA) isomers from beef fat have been shown to be deposited during an animal feeding trial. This included several BHP specific to ALA (e.g., trans11,cis15-18:2), which could have potential physiological/health effects similar to CLA (Churruca et al. 2009 ).
To gain insight into the metabolism of BHP, we examined the distribution of BHP in the diet relative to subcutaneous fat (Fig. 1) . Interestingly, some trans18:1 isomers including trans11-18:1 and trans13-18:1 appeared to undergo delta-9 desaturation in pig adipose tissue. This resulted in decreased proportions of trans11-18:1 and trans13-18:1 and increased proportions of their delta-9 desaturation products (i.e., cis9,trans11-18:2 and cis9,trans13-18:2) in adipose tissues compared to the diets. In contrast, the proportion of trans9-18:1 increased in adipose tissue compared to the diets, which is likely due to the fact that trans9-18:1 does not undergo delta-9 desaturation (Holman and Mahfouz 1981) . Consistent with these findings, trans9-18:1 was found to accumulate to a greater extent than trans11-18:1 or trans13-18:1 in mouse adipocytes cultured with individual trans-18:1 isomers (Vahmani et al. 2014 ). Trans10-18:1 also does not undergo delta 9-desaturation (Holman and Mahfouz 1981) . However, in contrast to trans9-18:1, the percentage of trans10-18:1 was lower in adipose tissues than in diets, which could be due to preferential metabolism via β-oxidation or carbon chain elongation (Emken 1984) . Trans9-18:1 and trans10-18:1 are the predominant trans-18:1 isomers found in partially hydrogenated vegetable oils (Stender et al. 2008) , and trans10-18:1 is also the main BHP in beef fat from cattle fed high-grain diets (Mapiye et al. 2012) . Present results suggest that trans-18:1 isomers are metabolized differently and there is a need to examine Fig. 1 . Percent distribution of biohydrogenation products (BHPs) in diets containing 5% control (CNT) or BHP-enriched beef, and in subcutaneous fat (SQ) of barrows fed these diets for 7 weeks. Panels (a) and (b) show distribution of major and minor BHP, respectively. Data are expressed as mean ± SEM (n = 3 for diet; n = 8 for SQ). t = trans; c = cis; * = not detected. physiological effects of BHP on an individual basis (Mapiye et al. 2012) .
Serum concentrations of total cholesterol and HDL-cholesterol were lower (P < 0.05) in pigs fed BHP-enriched fat compared to those fed control beef fat (58.7 ± 2.0 vs. 67.5 ± 2.6 and 25.3 ± 1.0 vs. 30.2 ± 1.3 mg dL −1 , respectively; mean ± SEM). However, LDL-cholesterol, TAG, and atherogenic indices (LDL/HDL and total cholesterol/HDL ratios) were not affected (data not presented).
Reductions in HDL-cholesterol have also been observed in studies in which BHP-enriched butters were fed to hypercholesterolemic rabbits (Bauchart et al. 2007) or healthy human subjects (Lacroix et al. 2012; Tholstrup et al. 2006) . In contrast, Lock et al. (2005) observed that hamsters fed a BHP-enriched butter had lower plasma total and LDL-cholesterol concentrations, and no change in HDL cholesterol compared with those fed standard butter. Conversely, feeding BHP-enriched butter to growing pigs (Haug et al. 2008) or to middle-aged men (Tricon et al. 2006 ) had no effect on blood lipoprotein profiles. Differences in results may relate to the basal diets and the amount and composition of BHP, as well as species differences.
In a recent review of 41 human clinical trials, Brouwer et al. (2013) showed that replacement of control fat with CLA or ruminant trans fatty acids increases plasma LDL, and total cholesterol/HDL and LDL/HDL ratios. The authors concluded that all trans fatty acids (i.e., partially hydrogenated vegetable oils, ruminant trans fatty acids, and CLA) have essentially the same effect on blood lipoproteins in humans. In contrast, data from epidemiological studies have shown that ruminant trans fatty acid (i.e., BHP) intake is not associated with an increased cardiovascular disease risk (Ascherio et al. 1994; Jakobsen et al. 2008; Pietinen et al. 1997 ). Consequently, it will be important to determine if differences in blood lipoproteins when consuming ruminant trans fatty acids actually translate into differences in the incidence of cardiovascular disease.
Overall, feeding BHP-enriched beef kidney fat to pigs had no effects on their growth performance or body composition, but did lead to deposition of BHP in adipose tissue. However, there also appeared to be differential metabolism of trans-18:1 isomers in pig adipose tissue, with some undergoing delta-9 desaturation and others being concentrated or preferentially metabolized. Feeding BHP-enriched beef fat reduced serum total and HDL-cholesterol concentrations in pigs, but atherogenic indices including total cholesterol/HDL and LDL/HDL ratios were not affected. To further elucidate the effects of feeding BHP-enriched beef fats, these may need to be fed at greater rates (i.e., similar to human diets, which typically contain 30% dietary energy in the form of fat), and employ disease models to determine if production and consumption of these fats are of any health value. This will then assist in development of ruminant feeding strategies to avoid the incorporation of detrimental BHP while promoting the uptake of beneficial BHP.
